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FOREWORD 


The test and data comparisons contained in this report are the 
result of a cooperative rotorcraft airfoil program between the 
Sikorsky Aircraft Division of United Technologies Corporation 
and the Ames Research Center of the National Aeronautics and 
Space Administration. While the tested airfoils are the 
product of Sikorsky design efforts, the test data and theoret- 
ical comparisons are published herein to advance the state of 
rotorcraft airfoil performance prediction. Several comparisons 
are contained in this report, but the reader is invited to use 
the data to provide additional insight into the areas where the 
available theoretical methods give valid results and where 
further theory development is required. 

Many people provided the technical support to conduct this pro- 
gram. The principal personnel include: 

Raymond Hicks NASA Ames Project Coordination 

LeRoy Guist NASA Ames Test Engineer 

Donald Jepson Sikorsky Aircraft Model Design 

Anthony Saccullo Sikorsky Aircraft Test Engineer 

David Lednicer Sikorsky Aircraft Aerodynamicist 
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An Experimental Evaluation of Advanced Rotorcraft 
Airfoils in the NASA Ames Eleven-Foot 
Transonic wind Tunnel 

R. J. Flemming 
Sikorsky Aircraft 


SUMMARY 


Five full scale rotorcraft airfoils were tested in March and 
April 1982 in the NASA Ames Eleven-Foot Transonic Wind Tunnel 
for full scale Reynolds numbers at Mach numbers from 0.3 to 
1.07. The models, which spanned the tunnel from floor to 
ceiling, included two modem baseline airfoils, the SC1095 and 
SC1094 R8, which have been previously tested in other facil- 
ities. Three advanced transonic airfoils, designated the 
SSC-A09 , SSC-A07, and SSC-B08 , were tested to confirm predicted 
performance and provide confirmation of advanced airfoil design 
methods. This test has shown that the eleven- foot tunnel is 
suited to two-dimensional airfoil testing. 

The maximum lift coefficients at a Mach number of 0.3 for the 
SC1095 and SC1094 R8 were 1.37 and 1.72, respectively, about 9% 
above prior test values. The transonic airfoils had maximum 
lift coefficients of 1.40, 1.22, and 1.15 for the SSC-A09, -B08 
and -A07 , respectively. Drag divergence Mach numbers at zero 
lift for these airfoils were .808, .780, .833, .848 and .860. 
Prior to stall and drag divergence the pitching moments were 
generally between 0.010 and -0.015. SC1095 and SC1094 R8 lift 
curve slopes were 8 to 17% below that of the solid-wall United 
Technologies Research Center tunnel, used to test the baseline 
airfoils in 1975. 

The airfoil analysis codes agreed well with this data, with the 
Grumman GRUMFOIL code giving the best overall performance 
correlation. The NYU Transonic Airfoil code predicted airfoil 
pressures and drag divergence well, but errs in the calculation 
of pitching moment. The Texas A&M TRANDES/TRANSEP codes show 
good correlation over the full range of test conditions. The 
AMI CLMAX code predicts the relative maximum lift coefficient 
of the thicker airfoils well, but fails to predict the maximum 
lift coefficient of the SSC-A07. The maximum lift coefficients 
measured in the test exceed the CLMAX code prediction and 
available test data from the United Technologies tunnel by 
about 10%. 
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INTRODUCTION 


Rotor systems must be improved to satisfy mission requirements 
which demand advancements in efficiency for higher cruise 
speeds and lower fuel consumption and for reductions in acous- 
tic levels . Advances in methodology have provided more rig- 
orous means to design improved airfoils, but these codes have 
not had a good correlation base for rotorcraft airfoils - 
airfoils that have compromises between high lift at low velo- 
cities and low drag at transonic velocities, all while main- 
taining low pitching moments. 

Sikorsky Aircraft initiated a project in 1979 to replace the 
SC1095 airfoil family with a family of airfoils that maintain 
its maximum lift capability and pitching moment levels while 
increasing drag divergence Mach number by .03 or more. This 
airfoil family was designated the SSC-AXX family. An addi- 
tional design incorporated a different design philosophy to 
provide a pitching moment near zero. This airfoil family was 
designated the SSC-BXX family. The design study used many 
airfoil codes, including TRANDES, NYU Transonic code (program 
H), AMI'S CLMAX code, FLO 6, and GRUMFOIL (MCMJ-9) (refs. 1-5). 
While these codes correlate well with modem airfoils such as 
the SC1095, additional data was required to validate the new 
transonic airfoil designs and the theories that were used to 
design them. A cooperative two-dimensional test program 
between NASA's Ames Research Center and Sikorsky Aircraft was 
initiated in 1980 to satisfy these validation requirements. 
This report describes the test procedure, data analysis 
methods, processed data, and code correlation for this test 
program, conducted in the Ames Eleven-Foot Transonic Wind 
Tunnel . 
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SYMBOLS 

Axial Force, kg (lb) 

Airfoil Chord, m (ft) 

Axial Force Coefficient, A/Sq 

Drag Coefficient, D/Sq 

Lift Coefficient, L/Sq 

Pitching moment coefficient reference to 
quarter chord, PM/Scq 

Normal Force Coefficient, N/Sq 

Surface Pressure Coefficient, p l- p » 

’q»"” 

Drag, newtons (lb) 

Tunnel height, m (ft) 

Lift, newtons (lb) 

Mach number 

Mach number for drag divergence, dC^/dM = 0.1 
Normal Force, newtons (lb) 

Pressure, newtons /m 2 (psf) 

Pitching Moment, newton-m (ft- lb) 

Dynamic pressure, HpV 2 , newtons/m 2 (psf) 

Reynolds Number 

Metric Section Area, m 2 (ft 2 ) 

Airfoil Thickness, cm (in) 

Velocity, mps (fps) 

Angle of Attack, deg 

Air density, newtons/m 3 , (slugs/ft 3 ) 


Subscripts 


BAL Balance 

1 Local 

max Maximum 

P Pressure 

w Wake 

® Free Stream 
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TEST FACILITY 


The Eleven-Foot Transonic wind Tunnel at NASA Ames is part of 
the Unitary Plan Wind Tunnel complex. It is a closed return, 
variable density tunnel with airflow produced by a three-stage 
axial-flow compressor. The tunnel can be operated at Mach 
numbers from 0.4 to 1.4 at stagnation pressures from 0.5 to 
2-25 atmospheres and at lower Mach numbers at pressures above 
1.4 atmospheres. For the advanced rotorcraft airfoil test the 
maximum Mach number was 1 . 07 and the stagnation pressure was 
held at 1.0 and 1.4 atmospheres. Stagnation temperature 
averaged 294 W K (530°R). 

The four walls of the test section are slotted with a normal 
porosity of 6.1%. To provide smooth flow near the ends of the 
airfoil model the slots adjacent to the model were taped, 
reducing porosity to 4.7%. 

MODELS 


The Sikorsky Tunnel Spanning Apparatus (TSA) was installed in 
the eleven- foot tunnel in a vertical orientation (see fig. 1). 
Dimensional data for the TSA is provided in figure 2 . The base 
of the TSA's stainless steel spar was adapted to the tunnel yaw 
table and a turntable was fabricated to support the upper end 
9^ the spar . The turntables were controlled by one primary 
input with trim adjustments made with the upper turntable 
controller. Seven fiberglass-graphite airfoil panel segments 
for each airfoil model were attached to the spar. Surface 
pressures were measured using 24 upper surface and 11 lower 
surface .107 cm (.042 inch) orifices located 15.24 cm (6 
inches) above the model centerline. The center 20.32 cm (8 
inches) of the model contains a six-component Task balance and 
a single-component rear load cell. The metric section is 
sealed to the non-metric panels with .024 cm (.010 in) thick 
elastomeric material. Two struts with triangular cross-sec- 
tions provided part-span support. The test of Reference 6 
showed that the struts do not affect airfoil performance. 

Five airfoil profiles (fig. 3) were fabricated for this test, 
including the SCI 095 and SCI 094 R8 for which test data in other 
facilities was already available. The chords of these two 
models are about 41 cm (16 inches). The three advanced airfoil 
models fabricated for this test have chords of 43.9 to 54.2 cm 
(17.3 to 21.3 inches). The chord increase was required to 
accomodate the spar for these airfoils, which are thinner than 
the SC1095. The airfoil metric sections are shown in figure 4. 
Tests near atmospheric pressure provide full scale data for 
aircraft in the size range of the Sikorsky S-76 and UH-60A, 
Bell UH-1H, and Hughes AH-64A. 



While the tunnel can be operated over a wide range of stagna- 
tion pressures, data were acquired at pressures of 76 cm (30 
inches) and 107 cm (42 inches) of mercury. The latter pressure 
was required at H - 0.3 because of minimum motor RPM con- 
straints. The SSC-A09 airfoil was operated at Mach numbers up 
to .84 at both pressures to define Reynolds number trends. The 
test Reynolds numbers are summarized in figure 5. 

Table I shows the basic geometric properties of the airfoil 
models. The coordinates for the SC1095 and SC1094 R8 airfoil 
sections are given on the first page of Table II. The coordi- 
nates for the SSC-A09 and SSC-A07 sections for which a patent 
is pending and the SSC-B08 section are included on the second 
page of Table II. The airfoil section profiles (fig. 3) were 
produced from aluminum molds using fiberglass with stiffening 
provided by graphite strips. This fabrication process general- 
ly produced airfoils to a tolerance within .03 cm (.012 
inches). The panel segments of the SSC-A09 airfoil were 
reworked prior to Run 196 to reduce bolt head loads. This re- 
sulted in larger tolerance errors. Comparison of data taken 
prior to the modification with that after the modification 
indicates that the data of Runs 196-221 has a reduction in 
c lmax 0.11, an increase in drag of 0.0014 and an increase in 
pircning moment of .001. This is discussed further later in 
this report (see page-8). Surface finish was smooth, compar- 
able to production blade finishes. Boundary layer transition 
devices were not used because full scale Reynolds numbers were 
used during testing. 

At the end of the test, several out-of -contour modifications 
were made to the SSC-A09 airfoil using tape and wax. The 
description of these changes is given in the Test Results 
section of this report. 

INSTRUMENTATION 


The airfoil section forces and moments were derived from the 
balance readings and by pressure integrations. The center 20.3 
cm (8 inches) of the TSA span is mounted to a 2.54 cm (one- 
inch) diameter six component Task balance and a single com- 
ponent load cell (see fig. 2). Calibration of this system was 
made with elastomeric seals in place, using special calibration 
fixtures (fig.6). The balance system was check loaded for each 
configuration during the test. 

Pressures from the model orifices and the sting-mounted wake 
rake were measured by an automatic scanning system with preci- 
sion transducers. Half of the wake rake tubes were teed to a 
mercury manometer board to aid in visualization and rake 
placement (fig. 7). 
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Model incidence was measured with potentiometers on both the 
lower and upper turntables . The TSA spar and struts were 
strain gauged to permit monitoring of the component loads. All 
parameters were displayed on digital voltmeters to permit 
continuous monitoring of the data. Data were recorded on the 
tunnel data system and transmitted to the Ames computer for 
data reduction and stored for final post- test process- 
ing. Final data tapes were transmitted to Sikorsky Aircraft 
for preparation of final data listings and to facilitate the 
plotting of data. 


TEST PROCEDURE 


The test was conducted according to a test plan which pre- 
scribed angle of attack variation from -5 degrees through 
stall for Mach numbers between 0.3 and 1.07, except when 
limited by strut compression loads. Drag divergence Mach 
number was defined by a Mach number sweep at zero lift. The 
wake rake was generally covered at Mach numbers of 0.9 and 
above to prevent vibratory damage to the rake tubes. Ultra- 
violet oil flow photographs were taken for selected conditions. 

Each data point was approached from a lower angle of attack 
with 30 seconds allowed for the tunnel and manometer board to 
stabilize prior to data acquisition. Data repeatibility with 
angle of attack set in both the increasing and decreasing 
directions was evaluated during the initial test runs. Repeat- 
ibility is excellent and there are no signs of hysterisis in 
any parameter (fig. 8). Test repeatibility was checked during 
each run by repeating the Mach number of 0.4 case at angles of 
attack of 0 and 6 degrees. 

The configurations tested are summarized in Table III. Run 
conditions are presented in Table IV. 

DATA REDUCTION METHODS 

The equations used to trams form raw test data to aerodynamic 
coefficient follow accepted procedures. A description of the 
equations used in the data reduction process are given below to 
assist the reader in understanding the derivations of the 
coefficients. 

The aerodynamic parameters contained in this report are cor- 
rected for the effect of the tunnel walls and spar torsion. 
The magnitude of the wall corrections that must be applied to 
the data are small, since airfoil thickness ratios are 9.5% or 
less and height to chord ratios greater than 6, the wall 
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correction factors increase the free stream Mach number by 1%, 
the lift and drag coefficients decrease by 14 %, with small 
changes to pitching moment and angle of attack. The relation- 
ships used are given in Reference 7. An additional correction 
is made to the angle of attack to account for the change in 
angle at the metric section due to torsional moments. This 
correction increases the magnitude of the angle of attack about 
2%. The lift curve slope in a slotted tunnel is less them that 
of a solid wall tunnel by 8 to 17%. The angles in this report 
are not corrected for the slot effect, but corrections are pre- 
sented in the Test Results section of this report. 

The coefficients of lift and drag are presented in the wind 
axis system. The wake rake drag is measured in the wind axis 
system, but the balance chord force and balance and surface 
pressure normal forces must be transformed as follows: 

C. = C N (cos a + tan a sin a) - C^tan a 
"• P w 





cos a 


sin or 


- C a sin a 
*BAL 


+ C. cos or 
oAL 


The pitching moments for all of the airfoils, except the SC1094 
R 8 , are referenced to the quarter chord. The SC1094 R 8 pitch- 
ing moment is referenced to the quarter chord of the SC1095. 
The quarter chord moment for the SC1094 R 8 is 

Cm - Cm • ’ 0025 c l ■ * 015 c d 

Use of this transformation increases the nose down moment at 
high lift conditions by .005. 

The wake rake data were analyzed following the procedures of 
Reference 8 . Corrections for wall interference and the velo- 
city gradient across the probes were applied. 



TEST RESULTS 


The airfoil surface pressure data, internal balance data, and 
wake rake pressure data were used to produce coefficients of 
lift, drag and quarter chord pitching moment, presented in 
tabular form in Appendix A. At low tunnel speeds the coeffi- 
cients based on pressure 'data are inherently more accurate. 
Model flexibility results in errors in the transfer of loads to 
the balance, especially in the axial direction. As the tunnel 
speed is increased, and loads increase the agreement between 
pressure and balance measurements improve. At high Mach 
numbers the balance provides more accurate results, since the 
balance is not affected by force and moment pressure integra- 
tion uncertainties due to rotational flow and shock position 
location between pressure ports. A comparison of force and 
moment coefficients derived from pressure and balance measure- 
ments is shown in Figure 9. The lift coefficient agreement is 
very good, even for cases with shock waves and for post-stall 
conditions (see fig. 9a). The estimated data accuracy for 
these measurements is given in Table V. 

The wake rake provided much better drag coefficient repeat- 
ability than the balance measurements. The drag uncertainty 
for the balance was about 1.5 kilograms due to the flexibility 
in bond joints between the composite model skins and the 
balance clamps. (Future metric sections will be machined from 
solid metal to avoid this flexibility.) This 1.5 kilogram 
uncertainty exceeds the nominal minimum drag coefficient for 
Mach numbers below 0.64 (see fig. 10). Figure 9b shows the 
data scatter that exists in balance drag measurements. While 
points showing good agreement exist within the overall data 
scatter, balance drag values for points where the measured wake 
rake drag is less than 1 . 5 kilograms are generally not pre- 
sented in Appendix A. The agreement between balance and 
pressure-derived pitching moment coefficients are good, improv- 
ing with increasing Mach number. The plotted data presented in 
figures 11 through 25 are based on pressure measurements. 

Figure 11 shows the force and moment coefficient data for the 
SC1095 airfoil for a range of Mach numbers. The maximum lift 
coefficient for the SC1095 at low Mach numbers as measured in 
the Ames 11-foot wind tunnels exceeds the maximum lift coeffi- 
cient measured with the TSA in the UTRC 8-foot wind tunnel by 
10%. Measured drag coefficients agree well. Force and moment 
coefficient data for the SSC-A09, SSC-A07, SSC-B08, and SC1094 
R8 airfoils are presented in figures 12 through 15. 

The SSC-A09 airfoil attachment points had to be reworked to 
reduce bolt head stresses. This resulted in a slight upward 
rotation of the leading edge piece and a corresponding dis- 
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continuity between the leading edge and trailing edge parts of 
the model for Runs 196 to 285. Post test evaluation of the 
data showed that this tolerance error caused a degradation in 
airfoil performance. The drag coefficient increased by 0.0014 
and the pitching moment increased by 0.001. The maximum lift 
coefficient at a Mach number of 0.3 was lower by 0.11 after the 
rework and the point of zero lift occurs at a 0.3 degree higher 
angle of attack. Of this block of data only Run 196 is used in 
the graphical presentations in this report. This run is shown 
in figure 12 and exhibits a premature reduction in lift coeffi- 
cient at angles of attack about 13 degrees. The dashed line in 
figure 12a shows the minimum performance expected for the 
airfoil at a Mach number of 0.4. 

Figures 16 through 22 show the effect of airfoil configuration 
at constant Mach numbers . Figure 16a shows the low Mach number 
high lift characteristics of each airfoil. The high lift 
benefits of the leading edge camber of the SC1094 R8 are 
evident in this figure. The three transonic airfoils performed 
satisfactorily at this condition. The SSC-A09 airfoil exceeded 
the SC1095 airfoil maximum lift coefficient by 2%, and each 
transonic airfoil tested showed "gentler” stall character- 
istics. Low lift, low Mach number drag levels ranged from 
.0067 to .0088. The transonic airfoils had lower drag levels 
than the baseline airfoils. 

The transonic airfoils produced significant performance im- 
provements at higher Mach numbers. The maximum lift of the 
SSC-A09 exceeded that of the other airfoils tested at Mach 
numbers between 0.50 and 0.74. Above a Mach number of 0.74 the 
SSC-A07 had superior maximum lift capability (see fig. 23). 
Figure 24 shows the zero lift drag for the tested airfoils. 
The type of leading edge camber used for the SC1094 R8 results 
in an early drag rise and a drag divergence Mach number that is 
significantly lower than the other airfoils. The transonic 
airfoils maintain low drag characteristics to Mach numbers 
above 0.833. The drag divergence Mach number occurs at lower 
drag levels for the improved airfoils, providing more drag 
reduction than indicated by changes in drag divergence Mach 
n umb er. The lift-drag ratios for the airfoils designed using 
-modem design methods are superior to earlier rotorcraft 
airfoils. The airfoils in the SSC-AXX family have better 
maximum L/D values than the other tested airfoils (fig. 25). 

Slotted wind tunnels give lower lift curve slopes than given in 
solid wall tunnels or by theory (see ref. 9). Figure 26 
compares, for the SC1095 and SC1094 R8 airfoils, the lift curve 
slope derived from theory and the Ames and UTRC tunnels. The 
differences between tunnels ranges from 8% at low Mach numbers 
to 17% at high Mach numbers . 



A limited number of runs at higher Reynolds numbers were made 
during the latter part of the test. These runs, which were at 
a Reynolds number 40% above the baseline, showed little change 
in maximum lift, a very small increase in drag coefficient 
(+.0008), and a small increase in pitching moment (+.004). 

Five types of out-of-contour bumps and protruberances were 
added to the SSC-A09 airfoil at the end of the test and run 
over limited angle of attack and Mach number ranges. Each 
configuration showed a degradation in maximum lift coefficient 
and an increase in drag coefficient. Pitching moment coeffi- 
cient changes were generally within ±.005 of the baseline 
value. 

The first change (Configuration 6) was a simulated out-of- 
contour de-icing boot or abrasion strip. A soft duct tape was 
applied to the leading edge of the airfoil back ^to an x/c of 
10% for both the upper and lower surfaces . The tape thickness 
was 0.35% of chord and ended in a step discontinuity. This 
resulted in a 15% reduction in maximum lift and an 80% increase 
in drag. This configuration was modified by adding a fairing 
behind the tape ( Configuration 7 ) . The fairings reduced the 
penalties for configuration 6 by 50%. The effect of miniature 
pressure transducers mounted on the blade surface was investi- 
gated (Configuration 8). Three rows of fifteen units, each 
having a diameter of 0.40 cm and a height of 0.08 cm with a 
simulated base and wiring, were placed on the model on the 
pressure orifice line, on the centerline of the metric section 
and 15 cm below the metric section centerline. The simulated 
transducers reduced the maximum lift by 4% and increased the 
drag by 18%. 

Configurations 9 and 10 were smooth surface bumps. The first 
had a height of 0.3% of chord centered at the 50% chord station 
on the upper surface. The chordwise extent was 29%. This bump 
caused a 2% reduction in maximum lift and a 15% increase in 
drag. Adding a second bump at 10% chord (Configuration 10) 
with a height of 0.2% of chord and a chordwise extent of 14% 
resulted in a further loss in maximum lift of 1% and a further 
drag increase of 7%. 


THEORY CORRELATION 

Surface pressure data for the tested airfoils are presented in 
figures 27-32 . These data have been used to compare several 
analysis methods (figs. 33-37). Figure 33 presents the surface 
pressure correlation for the five tested airfoils at low lifts 
and low Mach numbers. The computer codes produced similar 
results, and match the test data well. Pressure differences 
near the trailing edge are evident from these plots. Figure 34 
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iir 


shows similar data for high lift, low Mach number conditions. 
The data selected do not show separated flows on the upper 
surface as predicted by the AMI CLMAX code (ref. 3), although 
the angle of attack prediction for the input lift coefficient 
is good (prior to making lift curve slope corrections). The 
CLMAX code failed to converge at high angles of attack for the 
7% thick airfoil. The S<^uire-Young drag coefficient ( u ) in 
CLMAX tended to be optimistic. Additional CLMAX cases wire run 
to evaluate the predicted maximum lift capability for each 
tested model. This code underpredicted the maximum lift 
coefficient measured in the Ames tunnel by about 10%. (It 
should be noted that the maximum lift from the Ames 11- foot 
wind tunnel exceeded that of the UTRC tunnel by 10%. ) At a 
constant lift coefficient the pressures predicted by the NYU 
transonic (Korn, Garabedian, Bauer) code (ref. 2) are very good, 
although this code was not formulated for high lift, separated 
flow conditions and cannot show the same pressure distribution 
given by the CLMAX code. The TRANSEP code (ref. 1) predicted 
the pressure distributions well, showing the same or smaller 
separated zones at the trailing edge than the CLMAX code. The 
angle of attack correlation would improve if the slotted wall 
lift curve slope correction was applied to the data. 

The surface pressures predicted by the NYU, TRANDES (see ref. 
1) and MCMJ-9 GRUMFOIL code (see ref. 5) correlate very well 
for the moderate Mach number, moderate lift condition of figure 
35. GRUMFOIL provides a better prediction of pitching moment. 
Similar correlation exists for the higher Mach number, moderate 
lift conditions of figure 36. Figure 37 shows the test data - 
theory comparison for a low lift, high Mach number condition. 
The shock position and the pitching moment for the SC1095 
airfoil (fig. 37a) is predicted by GRUMFOIL, but GRUMFOIL shows 
the shock at a more rearward position for the SC1094 R8 air- 
foil. The three codes agree with the test data reasonably well 
for the transonic airfoils. GRUMFOIL exhibited much better 
pitching moment correlation than the other codes evaluated. 
The NYU, TRANDES and GRUMFOIL predicted the drag divergence 
Mach number within ±.015. TRANDES tended to underpredict the 
drag divergence Mach number while the other two programs 
matched or slightly exceeded the drag divergence Mach number 
based on test data. The theoretical calculations for the 
SC1094 R8 airfoil had the largest deviations from the test 
data. The predicted drag levels for the cases of figures 
35-37 were very good. 


CONCLUSIONS 


The test confirmed that the NASA Ames Research Center Eleven- 
Foot Transonic Wind Tunnel is well suited to airfoil testing. 
This test provided data for several airfoil designs including 
the SSC-AXX and SSC-BXX airfoil families , showing capability 
greater than that of the baseline SC1095 airfoil in the areas 
of maximum lift, maximum L/D and drag divergence Mach number. 

Several modem airfoil theories were compared with the test 
data. The AMI CLMAX program had good angle of attack-lift 
correlation for low Mach number, high lift conditions but 
underpredicted drag. The Texas ASM TRANSEP program showed good 
surface pressure correlation, but the cases run failed to give 
reasonable drag levels. The TRANDES and NYU Transonic codes 
showed good drag, -lift, and surface pressure correlation at low 
and moderate lifts but failed to predict airfoil pitching 
moment. GRUMFOIL gives good surface pressure, lift, drag and 
pitching moment correlation for these conditions . 
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TABLE II . COORDINATES FOR THE SC1095 AND SC1094 R8 AIRFOILS 
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TABLE III. MODEL CONFIGURATION 
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TABLE IV . RUM LOG (Continued) 


J* 



0 

4J 

0 

4) 

« 

4) 

A 

4) 

J3 

(J 

a 

U 


4) 


4) 

OS 

4) 

> 


> 

pH 

CO 

OH ) 

m 

4) 

u m o 

> 

♦o 

4) > rH 

•H 

3 

N-H fa 

c 

pH 

c 

m 

0 

'Din 

0 

c 

C O-H 

to 

HH 

w w o 



* 


u 

0 

u 

4> 

4) 

4) 

JS 

£ 


a 

U 

U 

4) 

4) 

4) 

> 

> 

> 

pH 

<"H > 

pH 

<0 

(0 o 

<c 

> 

> pH 

> 

•H 

•h a 

*H 

c 

c 

c 

<c 

m ph 

<c 

a 

0 *H 

0 

w 

w O 

w 


<N GO <\l O O (N pH pH 

lO rhfi • % % • GO GO 00 

ih rH © oo o m co ^*oo m © ph ph ph 

' *P • * pH «*J 4J CM I 

OvOOO O * © © 0 H c -ooo 

+j© -P4Jooir)^o©©o^ i i o o tn n - 0©rsj4J4J©j-> 

» « « 4_) * • vO *H • 

© © LD <N HH © (NHH ^ ©^l^ m 

II I I O I I I O m I I I I 


in r* 

in r-* ^ vo co co © T3 

en aor^r^r'-cococoaoaoTf ^ 

•© • • • © © • • * • O • • H * H O 


in 


CN LO © 

^ co n 


O 

vm in © 
in m m ' 


^c^®©©Hfsn^mv.or^®o>©^<Nro^Ln©r*'*H©©©rH<N(r) 

(NfsifN(Nnmnnnnnnnn^^^^^^^^cjT}f^ini^^^ 

HHHHHHHHHHrlHHHHHHHHHHHWHHHHHri 


1^4 35 0 0 Scanivalve Check 

30 -4 12 to 15 Repeat of Run 150, Oil Flow 




TABLE IV. RUN LOG (Continued) 



21 



O' 

C O' <8 
•H C O 


40 O 40 U 
OVD 
4> JS 4> P 
-C O .C G 


M 

H 0 M 

V0 



40 

iH 

0 

« t*4 0 

>1 O' iH 

40 

40 

0 

<8 

fau 

> Ik C (J 

4> H sO 

u 

O 

V 

> © 


*H pH -H 4) 

> 

4) 

4) 

£ 

*H © 

T5 

C <fl T3 JS JS 

H C C 

pC 

-C 

u 

C H 

a u 

«ShUU 

© 3 © 

u 

U 


m 

40 2 ^ 

u C o -p 

CO 04 Ct 



<8 

o - 

U M 

(A 0 JS -H 4 ) 


4 ) 

4 ) 

P 

CO H 

(8 U 

* U ft* > 

4 ) P P 

> 

> 

(8 

sO 

s 

U pH 

*4 0 0 

H 

H 

Q 

O CO 

4 ) 4 ) 

r) v a> 4 i <q 

(8 

<8 

<8 


U V w 

04 U 

« o u o > 

a: p p 

> 

> 

O 

4 ) *D C 

C 

e c e e-H 

<8 f8 


•H 


N © 3 

(8 

■h is it a c 

4 ) 4 ) 4 ) 

c 

c 

p 

H C4 

H 

H pH pH pH <8 

40 a a 

<8 

<8 

m 

*© U 

<8 

•H It IS IS U 

(8 1 ) O 

U 

O 

P 

C C P 

CO 

CQ OQ CQ CQ W 

y at a s 

CO 

CO 

CO 

w *— * o 


so r- h 

H * H r- 

<* 0 H 

0 • 0 P 

^ I U o 
- © P 

nnn • 

• • • (N H 

1 I I I 1 


so in 

CN 


m 


in 


• 

O 0 

0 

00 

© 

VO P P 

O cn P © 

H 

t 


P 



© cm cn 

© o in © © 

0 

tj* Lf> Tj» 

• 

CM P • 

p 

. . • 

© © 

* © 


© © © 

t i 

© © I 

o 

1 1 1 


©♦ *o o 

4 ) 


oo r** 

^ so ^ ro *j« m so f*> co © © © rf <n 

©■••©••••©•*.©. 


in © ^ <NCMLn©cMCNin©cNCN©^o©©^cN 

cn ro ^^coco^^cnc 


©©OH<Nm^in©r"Co©©HCNPOTj<mvoc^oo©©*HCNro^Ln 

C0©l0©©©©©©©©©©O©©©OO©OOHHHHHH 

HHWHHHHHHHHH(N(N(N(N(NfNOJ<NNCN(NN(NfN(N<NI 


vo r- ao © 


fN rsj cn rsi 



TABLE IV. RUN LOG (Continued) 



23 


245 .81 -0.4 

246 .84 0 No Data 

247 .86 -0.4 

248 .88 -0.4 

249 tr 0 0 End Zero 




TABLE IV . RUN LOG (Continued) 



M 0 > 
O TJ 
0 ) m — . 

*-4 4 -> 
cr » 4 J 0 ) 
C < tr 

< c 


CN s £ T * 

H H H 

O ^ ^ 

O O 0 O 

0 - P4J4J4JOOOOOO 


CO CvOOvO W-< sC CM ^ ^ 

H (fl O H H CO H U) H H > H 

vO M SO 

0 ' HOOOOO WOOOO 

o O4JOOOO *M*P^*P«POOOOOOO O +-> 4 -i -M .p O O 

O P 

<s U CN M CN (N CN 0) HHN(N 

1 3 I I I I I Q | 1 1 I I 

C0 rv 

CO D 

0 ) 

0 U 5 

TJ 5 

0 ) 

«P in p 

m cn oo s m 

CO n ^ CO CO rH^^incOCOf^f^GOGDCOCOGOO ^ qo o r*** 

• o**»*oO'*’*'* 4J o * * * * o * 

6 C 

•H O 

cn o 


m cn o o o 
co c - ) co co 


•h m © 

O co m 

u 

-H 

< 


^HCNco^Lnsnup^oo^o— ♦CNootfLnvor'coooNOfHCNco^in 
inininmtnincninuoinvn^ovDio^^oiomioc/iior^r'r'r^r'r' 

CNCNCNCNCNCNWCNCNCNCNCNCNCNCNCNCNCNCNWCNCNCNCNCNCNCsj 


276 .775 

277 .8 

278 .82 

279 t .84 



TABLE IV . RUN LOG (Continued) 



25 



TABLE V. ESTIMATED DATA ACCURACY 





Figure 1. TSA installed in the Ames Eleven-Foot Transonic 
wind Tunnel . 
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Q SC 1095 



@ SSC-A09 



( 3 ) SSC-A07 



® SSC-B08 



(g) SC 1094 R8 


Figure 3. Airfoil section profiles. 
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Figure 6. Metric section calibration fixture. 
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Figure 7. Representative manometer board wake rake profiles. 
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(b) Drag coefficient versus lift coefficient 

Figure 8. -Continued. 
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(c) Pitching Moment coefficient versus lift coefficient 

Figure 8 .-Concluded. 
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(a) Lift 

Figure 9.— Balance measurement correlation with pressure 
measurements . 
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(c) Pitching moment 


Figure 9. -Concluded. 
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(a) Lift coefficient versus angle of attack 
Figure 11 Aerodynamic characteristics of the SC1095 airfoil. 
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(b) Drag coefficient versus lift coefficient 
Figure 11. -continued. 
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(a) Lift coefficient versus angle of attack 
Figure 12 Aerodynamic characteristics of the SSC-A09 airfoil. 
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(c) Pitching moment coefficient versus lift coefficient 


Figure 12 .-Concluded. 
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(a) Lift coefficient versus angle of attack 
Figure 13 Aerodynamic characteristics of the SSC-A07 airfoil. 
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(c) Pitching moment coefficient versus lift coefficient 

Figure 13 .-Concluded. 
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(a) Lift coefficient versus angle of attack 
Figure 14 . - Aerodynamic characteristics of the SSC-BC8 airfoil. 
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(a) Lift coefficient versus angle of attack. 

Figure 15. - Aerodynamic characteristics of the SC1094 R8 airfoil. 
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(b) Drag coefficient versus lift coefficient 


Figure 15 .-Continued. 
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(c) Pitching moment coefficient versus lift coefficient 

Figure 15 .-Concluded. 
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- (a) Lift coefficient versus angle of attack 
Figure 16 Aerodynamic characteristics at a Mach number of 0.30 












(b) Drag coefficient versus lift coefficient 
Figure 17 .-Continued. 
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(a) Lift coefficient versus angle of attack 
Figure 18 Aerodynamic characteristics at a Mach number of 0.50. 
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(b) Drag coefficient versus lift coefficient 


Figure 18 .-continued. 
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(c) Pitching moment coefficient versus lift coefficient 

Figure 19. -Concluded. 
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(c) . Pitching moment coefficient versus lift coefficient 


Figure 21 .-Concluded. 
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(a) Lift coefficient versus angle of attack 
Figure 22 Aerodynamic characteristics at a Mach number of 0.35. 


72 









Figure 23 Variation in maximum lift coefficient versus 


Mach number. 




MACH NUMBER 


Figure 24.— Variation in drag coefficient at zero lift versus Ma 
number. 



SC 1095 
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Figure 25.- Maximum L/D versus Mach number 





(a) M =0.40 

Figure 27.— Pressure coefficient distribution for the SC1095 


Figure 27 .-Continued 
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(a) M = 0.40 

Figure 28. -Pressure coefficient distribution for the SSC-A09 
airfoil . 
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(b) M = 0.60 
Figure 28 .-Continued. 
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Figure 29. -Continued 
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Figure 29. -Concluded. 


97 






o= ALP. -3. 4 
o= ALF.-0.2. 


flflCH 0.40 
MflCH 0.40 



0.0 0.2 0.4 0.6 0.8 1.0 

(a) M =0.40 

Figure 30. -Pressure coefficient distribution for the SSC-B08 
no airfoil. 


IT! 



-3.6 



x/c 


(b) M = 0.60 
Figure 30 .-Continued. 
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Figure 30. Concluded 
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la) M =0.40 

Figure 31. -Pressure coefficient distribution for the SC1094 R8 
airfoil 



Figure 31 .-Continued 
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(c) M 


Figure 3 
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1 .“ Concluded . 
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PRESSURE COEFFICIENT 



Figure 32.— Pressure coefficient distribution for low lift at 
high Mach numbers 
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Figure 32 .-Concluded 
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(C) SSC-A07 


Figure 33 . - Continued. 
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Figure 34.— Pressure coefficient correlation, M = 0.30, = 1.2. 
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Figure 34 .-Continued. 
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(b) SSC-A09 

Figure 35 Continued. 
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(d) SSC-B08 


Figure 35 Continued. 


114 







PRESSURE COEFFICIENT 

*1.2 *0.1 -0.1 -1.2 -2.0 -2.8 -3.6 



(e) SC1094 R8 
Figure 35 . — Concluded. 
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(c) SSC-A07 

Figure 36 . — Continued. 
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Figure 36 . — Concluded. 
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(a 1 ) SC1095 

Figure 37.— Pressure coefficient correlation, M = 0.825, = 0 . 
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(b) SSC-A09 
Figure 37 .—Continued. 
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Figure 


(o') SSC-A07 

37. -Continued. 
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(e) SC1094 R8 


Figure 37. -concluded. 








APPENDIX A 


TABULATED DATA 



ALPHA 

CDBAL 

CDP 

CLBAL 

CLP 

CMBAL 

CMP 



Angle of attack, deg 

Balance - derived drag coefficient 

Wake rake - derived drag coefficient 

Balance - derived lift coefficient 

Airfoil surface pressure - derived 

Balance - derived quarter chord pitching moment 

coefficient 

Airfoil surface pressure - derived pitching moment 
coefficient 


Configuration 1 * SC1095 
Configuration 2 = SSC-A09 
Configuration 3 = SSC-A07 
Configuration 4 = SSC-B08 
Configuration 5 = SC1095 R8 

Configuration 6-10 = SSC-A09 Out-of-Contour Test Configuration 

(See page 9 and Table IV) 

L/D BAL Balance - derived lift-drag ratio 

L/D P Surface and wake rake pressure derived lift-drag ratio 

MACH Free stream Mach number 

PT Data point number within each run 

RN Reynolds number based on airfoil chord 

RUN Test run number (see also Table V) 
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